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86Objectives:We sought to compare early and late clinical and echocardiographic outcomes of patients undergoing
minimally invasive mitral valve repair by means of the port-access and median sternotomy approaches.
Methods: Between 2000 and 2009, 503 patients had mitral valve repair, of whom 143 underwent surgical inter-
vention for isolated posterior leaflet pathology: 61 through port access and 82 through median sternotomy. The
port-access group had better preoperative New York Heart Association functional class (P ¼ .007) and a higher
rate of elective cases (97% vs 87%, P ¼ .037). Other preoperative characteristics were similar between the
groups, including mitral valve pathology and repair techniques.
Results: Operative, bypass, and clamp times were significantly longer in the port-access group. Mean hospital
stay was 5.3  2.5 days in the port-access group versus 5.7  2.5 days in the median sternotomy group
(P ¼ .4). Early postoperative echocardiographic analysis showed that most patients in both groups had none
or trivial mitral regurgitation and none of the patients had greater than grade 2 mitral regurgitation. Follow-up
extended for up to 100 months (mean, 34  24 months). New York Heart Association class improved in both
groups (P ¼ .394). Freedom from reoperation was 97% and 95% in the port-access and median sternotomy
groups, respectively. Late echocardiographic analysis revealed that 82% (49/60) in the port-access group and
91% (73/80) in the median sternotomy group were free from moderate or severe mitral regurgitation (P ¼ .11).
Conclusions: In isolated posterior mitral valve pathology, quality of mitral valve repair with the port-access
approach can compare with that with the conventional median sternotomy approach. (J Thorac Cardiovasc
Surg 2010;140:86-90)A better understanding of the structure, function, and pathol-
ogy of the mitral valve (MV) has led to improved surgical re-
sults of MV repair, with early mortality reduced to less than
1%, excellent long-term durability, and patient survival.1-5
Efforts to minimize surgical trauma, hasten patient recov-
ery, improve cosmetics, and increase patient satisfaction
continue to motivate minimally invasive procedures.
Although several approaches have been advocated for MV
surgery,6-11 some have expressed concern that minimally
invasive techniques might lead to inferior results, particu-
larly regarding MV repair. Such concerns are based on the
fact that operative space is limited and ‘‘operator to MV’’
distance is extended during a minimally invasive approach.
Smaller incisions are more attractive to patients, but the
quality of MV repair must not be compromised by the moti-
vation to develop and market new techniques in response to
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The Journal of Thoracic and Cardiovascular SurgeSeveral studies have documented excellent clinical out-
comes forminimally invasive approaches, and a systematic re-
view of the literature with a meta-analysis of all important
series has recently been published.12 Although this review de-
scribed some studies on the incidence of long-term freedom
from reoperation, none of the studies demonstrated the long-
term effects on the quality of MV repair, including full
echocardiographic follow-up of the repaired MV compared
with results of the conventional median sternotomy (MS)
approach. One study13 has reported excellent early and
1-year echocardiographic results of MV repair for the mini-
mally invasive approach. However, this study was limited
by a 1-year follow-up without comparison with anMS group.
In this study we analyzed and compared data for both
early and late clinical and echocardiographic outcomes of
patients undergoing minimally invasive MV repair through
the port-access (PA) and MS approaches.MATERIALS AND METHODS
This is a retrospective nonrandomized review of a prospective follow-up
of all patients who underwent primary isolated MV repair for isolated pos-
terior leaflet pathology through either a video-assisted right minithoracot-
omy (PA approach) or full MS (MS approach).
Patients
Between June 2000 and March 2009, 503 patients underwent MV repair
in our department. Throughout that time, a total of 169 PA minimally inva-
sive procedures were performed (eg, MV replacement, MV repair, tricuspidry c July 2010
Abbreviations and Acronyms
MR ¼ mitral regurgitation
MS ¼ median sternotomy
MV ¼ mitral valve
NYHA ¼ New York Heart Association
PA ¼ port access
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comprised all consecutive patients who had undergone isolated repair of the
posterior MV leaflet. Patients with other valve pathologies or previous car-
diac surgeries or those who had undergone concomitant procedures (eg, cor-
onary artery bypass grafts, other valves, and the maze procedure) were
excluded. Based on these criteria, 143 patients were included in the study,
61 of whom underwent surgical intervention through the PA approach
and 82 through the conventional MS approach. The PA group had better
preoperative New York Heart Association (NYHA) functional class
(P ¼ .007) and a higher rate of elective cases (97% vs 87%, P ¼ .037).
Other preoperative characteristics were similar between the groups
(Table 1). Patient selection for the MS or PA approach was based on patient
and surgeon preference.Surgical Techniques
MS. Patients in the MS group underwent surgical intervention through
a standard MS incision with conventional cardiopulmonary bypass with as-
cending aortic and bicaval cannulation. Intermittent cold blood cardioplegia
was administrated through the aortic root and coronary sinus. A traditional
left atrial incision, parallel to the interatrial sulcus, was used to access the
MV. The incision was started from the superior vena cava and extended in-
feriorly to the mitral annulus. The most common valve repair procedure was
triangular resection and primary closure of the resected portion of the pos-
terior leaflet with 2 continuous layers of 4–0 Prolene sutures (Ethicon, Inc,
Somerville, NJ). In the past, we used artificial chords for posterior repair
only in cases of fibroelastic deficiency. Recently, we have also been using
them for myxomatous posterior pathology.
The repair was completed with annuloplasty by using a flexible posterior
band in 41 (50%) of 82 patients, a complete semirigid ring in 33 (40%) of
82 patients, and other types of annuloplasty in 8 (10%) of 82 patients.
PA. For the PA approach, patients were placed in a supine position with
slight elevation of the right hemithorax and intubated with a double-lumen
endotracheal tube. External defibrillator patches were placed on the thoracic
cage, and a 17F or 19F cannula was inserted through the right jugular vein
into the superior vena cava. A 6- to 8-cm skin incision was made in the right
inframammary groove to create a small anterolateral ‘‘working port.’’ A soft
tissue retractor (Heartport; Edwards Lifesciences, Irvine, Calif) was placed
in the incision.
After switching to single left lung ventilation, 3 thoracic ports were cre-
ated. The first port (5 mm), for video assistance with an endoscopic camera,
was located in the fourth intercostal space at the level of the anterior axillary
line. The second port (5 mm), for placing the left atrial retractor rod, was
located parasternally in the fourth intercostal space. The third port was
made below the incision for placing a left ventricular vent.
After general heparinization, arterial and venous cannulaswere inserted by
using the Seldinger technique in the right groin through a 2- to 3-cm-long
incision covered by the natural skin folds of the groin. Arterial and venous
cannulas were introduced over a guidewire under transesophageal echocar-
diographic control, and an EndoClamp balloon (Ethicon, Inc) was positioned
at the ascending aorta just above the sinotubular junction. The cardiopulmo-
nary bypass protocol included a membrane oxygenator, roller pump, and
assisted venous return. The patient was cooled to a body temperature ofThe Journal of Thoracic and C28C to 30C. After aortic occlusion, antegrade cold blood cardioplegia
was delivered through the balloon tip and repeated every 30 minutes. Aortic
crossclamping was done with an EndoClamp balloon in 43 cases and a trans-
thoracic Chitwood clamp (Scanlan International, St. Paul, Minn) in 18 cases.
Traditional left atrial incision parallel to the interatrial sulcus was used to
approach the MV, and the left atrial retractor was placed through the para-
sternal incision at the fourth intercostal space. As in the MS group, the most
common repair in the PA group was triangular resection and primary closure
of the resected portion of the posterior leaflet with a Prolene 4–0 suture. In
the past, we used artificial chords for posterior repair only in cases of fibroe-
lastic deficiency. Recently, we have also been using them for myxomatous
posterior pathology. The repair was completed with annuloplasty by using
a flexible posterior band in 33 (54%) of 61 patients, a complete semirigid
ring in 23 (38%) of 61 patients, and other types of annuloplasty in
5 (8%) of 61 patients. In the early stage of the PA group, the Alfieri
edge-to-edge technique was used as part of the repair in 6 patients. In
4 patients it was chosen by the surgeon as part of the repair technique and
in 2 patients as a bailout procedure to minimize operative time when the
intraoperative echocardiographic result was unsatisfactory.
Follow-up
Demographic, echocardiographic, and surgical data were collected from
our prospectively collected database, whereas mortality data were retrieved
from the official national database. All patients were contacted for clinical
follow-up. Late follow-up echocardiographic data were obtained from the
institutional echocardiographic laboratory database or from ambulatory
medical services.
Data Analysis
The data for this review were derived from the database of the cardiac
surgery department and have the approval of the institutional review board.
Complications were reported according to the ‘‘Guidelines for reporting
mortality and morbidity after cardiac valve interventions.’’14 Mitral regur-
gitation (MR) grade was classified according to Society of Thoracic Sur-
geons guidelines (http://www.sts.org/file/CoreDef241Book.pdf): grade 0,
no MR; grade 1, trivial MR; grade 2, mild MR; grade 3, moderate MR;
and grade 4, severe MR.
All statistical analyses were performed with SPSS software (SPSS 16.0
for Windows; SPSS, Inc, Chicago, Ill). Group statistics were expressed as
means  1 SD. Continuous variables were compared by using Student’s t
test, and categorical variables were compared by using the c2 test. Predictors
for increased operative risks were determined bymeans of multivariate anal-
ysis. Survival information for the 2 groups was compared by using Kaplan–
Meier curves with the log-rank test.
RESULTS
Early Results
Surgical information is summarized in Table 2. MV repair
techniques were similar between the groups, except for the
use of the Alfieri edge-to-edge technique, which was more
common in the early stage of the PA group (6 patients).
There was no conversion from minithoracotomy to MS in
the PA group. Mean operative, cardiopulmonary, and aortic
clamp times were significantly longer in the PA group com-
pared with those in the MS group (P< .001, Table 2).
No operative or in-hospital mortality occurred in either
group. Freedom from major hospital morbidity (including
stroke, transmural myocardial infarction, re-exploration for
bleeding or tamponade, renal failure, respiratory failure,
sepsis, and deep wound infection) was similar between the
groups (PA group, 85%;MS group, 92%;P¼ .233; Table 3).ardiovascular Surgery c Volume 140, Number 1 87
TABLE 1. Patients’ characteristics
Characteristic
Port-access
approach
Median sternotomy
approach
P
value
No. of patients 61 82
Age (y) 55  11 57  12 .349
Sex
Male 54 (88.5%) 62 (76%)
Female 7 (11.5%) 20 (24%) .051
Preoperative NYHA class
I 29 (47%) 19 (23%) .007
II 15 (25%) 33 (40%)
III 17 (28%) 23 (28%)
IV 0 7 (9%)
Timing
Elective 59 (97%) 71 (87%)
Urgent 2 (3%) 11 (13%) .037
AF/PAF 4 (7%) 5 (6%) .84
NYHA, New York Heart Association; AF, atrial fibrillation; PAF, paroxysmal atrial fi-
brillation.
TABLE 3. In-hospital and follow-up data
Port access
(n ¼ 61)
Median sternotomy
(n ¼ 82)
P
value
Hospital mortality 0 0
Complications
Revision for bleeding/
tamponade
2 (3%) 2 (2%) .763
Cardiac events
(low cardiac output,
perioperative MI)
1 (2%) 3 (4%) .469
CVA/TIA 3 (5%) 4 (5%) .991
Diaphragm elevation 5 (8%) 0 .008
Pulmonary complications* 5 (8%) 2 (2%) .115
Postpericardiotomy
syndrome
7 (11.5%) 2 (2%) .028
Acute renal failure 2 (3%) 2 (2%) .763
Wound infection
(superficial)
4 (7%) 0 .019
Thorax 2 (3%) 0 .099
Groin 2 (3%) 0 .099
Freedom from
any complication
33 (54%) 57 (69%) .074
Freedom from major
hospital morbidityy
52 (85%) 76 (92%) .233
Hospital duration (d) 5.3  2.5 5.7  2.5 .451
Mean follow-up (mo) 41  24 28  22 .002
Late mortality 0 3 (4%) .133
Freedom from reoperation at
follow-up
59 (97%) 78 (95%) .637
Infective endocarditis 1 (2%) 1 (2%) .989
EF (%) at follow-up 57  8 57  5 .894
NYHA class at follow-up
I 44 (72%) 48 (61%) .394
II 10 (16%) 19 (25%)
III 7 (12%) 10 (13%)
IV 0 1 (1%)
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PA group (54% vs 69% in the MS group, P ¼ .074). This
was mainly attributed to a higher level of minor pulmonary
complications, such as pulmonary atelectasis or partial right
diaphragm elevation (10 [16%] patients in the PA group vs 2
[2%] patients in theMS group, P¼ .003) and a higher rate of
superficial wound infection in the PA group (7%) compared
with that seen in theMS group (2%). However, none of these
patients had any respiratory compromise or required any
medical intervention, and all were discharged by day 5 or
6. No aortic dissection or injury occurred in either group.
Early postoperative echocardiographic results were as fol-
lows: 67%/47% had no MR (grade 0), 22%/30% had min-
imal MR (grade 1), 8%/21% had mild MR (grade 2), andTABLE 2. Operative data
Port access
(n ¼ 61)
Median sternotomy
(n ¼ 82) P value
Operative time (min) 334  109 190  88 <.001
Extracorporeal circulation
time (min)
144  27 81  21 <.001
Crossclamp time (min) 101  19 61  16 <.001
Annuloplasty 61 (100%) 82 (100%)
Flexible posterior band 33 (54%) 41 (50%) .758
Complete semirigid ring 23 (38%) 33 (40%) .758
Other 5 (8%) 8 (10%) .758
Posterior leaflet resection 46 (75%) 66 (80%) .466
Alfieri edge-to edge repair 6 (10%) 1 (1%) .018
Artificial chordae 16 (26%) 27 (33%) .388
Aortic clamp
Standard clamp 0 82
EndoClamp balloon 43 (70%) –
Chitwood transthoracic
clamp
18 (30%) –
Mean MR at follow-upz 1.52  0.97 1.2  0.89 .071
MR grade 0/1 (no/trivial
MR)
25 (42%) 43 (54%)
MR grade 2 (mild MR) 24 (40%) 30 (37%)
MR grade 3 (moderate MR) 9 (15%) 2 (3%)
MR grade 4 (severe MR) 2 (3%) 5 (6%)
MR grade 0–2 49 (82%) 73 (91%)
MR grade 3–4 11 (18%) 7 (9%) .112
MI, Myocardial infarction; CVA, cerebrovascular accident; TIA, transient ischemic at-
tack; EF, ejection fraction; NYHA, New York Heart Association; MR, mitral regurgi-
tation. *Pulmonary complications: pneumonia, prolonged atelectasis, subcutaneous
emphysema. yMajor hospital morbidity: stroke, transmural myocardial infarction, re-
vision for bleeding/tamponade, renal failure, respiratory failure, sepsis, deep wound
infection. zEchocardiographic scale: 0, none/trace; 1, mild; 2, moderate; 3, moderate
to severe; 4, severe.
88 The Journal of Thoracic and Cardiovascular Surge3%/2% had mild-to-moderate MR (grade 2-3) in the MS/
PA groups, respectively.
Late Results
This report covers a total follow-up of 385 patient-years
(mean, 34  24 months), which extended for up to 100ry c July 2010
FIGURE 1. Kaplan–Meier curve for freedom from mitral valve reopera-
tion in each group.
FIGURE 2. Kaplan–Meier curve for freedom from moderate or severe re-
current mitral valve regurgitation (MR) in each group.
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 24 months) compared with the MS group (28  22
months, P ¼ .002). At follow-up, there were 3 (4%) late
deaths in the MS group (1 cardiac-related death [acute respi-
ratory failure in a patient with severe MR], 1 sudden home
death 5 years after surgical intervention, and 1 renal/multi-
organ failure–induced death 9 years after surgical interven-
tion versus none in the PA group; P ¼ .13).
Clinical follow-up was completed in 100% of the PA pa-
tient group and 96% of the MS group. In 2 (2%) patients
from the MS group, there was no late echocardiographic fol-
low-up after hospital discharge. In patients lost to or without
late echocardiographic follow-up, the latest observed data
were used for data analysis.
At follow-up, NYHA functional class improved signifi-
cantly in both groups, demonstrating no statistical difference
between the groups (P ¼ .394).
Two (3%) patients in the PA group required MV reoper-
ation because of recurrent severe MR compared with 4 (5%)
patients in the MS group (P ¼ .637, c2 test). Freedom from
reoperation was 97% and 95% in the PA and MS groups,
respectively (P ¼ .6, log-rank test; Figure 1). In the PA
group 6 patients underwent Alfieri stitching, of whom 2 un-
derwent this technique as a bailout procedure. At follow-up,
neither of them required reoperation; 1 had no MR, and 1
had residual grade 2 MR.
Onmultivariate analysis, we found that no preoperative or
intraoperative variable (age, sex, preoperative NYHA class,
surgical approach, repair technique, or cardiopulmonary by-
pass or aortic clamp times) was associated with increased
risk for late valve reoperation.
Late echocardiographic follow-up revealed that 91% (73/
80) of patients in the MS group had no moderate or severe
MR compared with 82% (49/60) of patients in the PA group
(P ¼ .11, c2 test; P ¼ .9, log-rank test; Figure 2).The Journal of Thoracic and CDISCUSSION
The PA approach for MV surgery was first introduced in
1996.15,16 Initially, the advantages of this minimally inva-
sive technique were overshadowed by the risks and compli-
cations associated with this approach. The major concerns
included limited exposure of the MV, arterial injuries, diffi-
culties in deairing the heart, and femoral cannulation compli-
cations.17
Improvements in technology and surgical instruments,
routine use of transesophageal echocardiography in valve
surgery, and increased surgical experience have all
reduced the complication rate. Currently, in the hands of
experienced surgeons, the minimally invasive approach
is considered as safe as the standard MS approach, with
several studies reporting on good early and long-term out-
comes.12
In this series we observed a higher rate of pulmonary com-
plications in the PA group, in which 4 patients demonstrated
radiographic evidence of partial right diaphragmatic eleva-
tion, suggesting possible phrenic nerve injury. None of
them had any clinical respiratory problems, and their postop-
erative course was otherwise uneventful. Direct thermal
injury might be the most plausible cause for right diaphrag-
matic elevation. As a result, we are now more careful and in-
cise the pericardium at least 2 to 3 cm above the phrenic
nerve. All other complications were similar between the
groups, with no major complications related to the surgical
technique (eg, aortic dissection in the PA group and media-
stinitis in the MS group) occurring in either.
Long-term mortality was observed only in the MS group
(P¼ .13) and might be related to differences in preoperative
characteristics (eg, higher NYHA class and more nonelec-
tive cases that were more prevalent in the MS group).
The advantages of minimally invasive MV repair through
the PA approach must be weighed against the technicalardiovascular Surgery c Volume 140, Number 1 89
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(3%) patients in the PA group required reoperation of the
MV compared with 4 (5%) patients in the MS group
(P ¼ .6).
In the early stage of the series of the PA group, the Alfieri
edge-to-edge technique was used in 6 patients. This tech-
niquewas chosen by the surgeon in 4 patients and as a bailout
procedure in 2 patients to minimize operative time when the
intraoperative echocardiographic result was unsatisfactory.
For this particular group, mean follow-up was 65  22
months. At follow-up, 4 patients had grade 0 or 1 MR, 1 pa-
tient had grade 3 MR, and 1 patient with grade 4 MR under-
went an MV repair reoperation. Although it seems that the
use of the Alfieri technique did not significantly affect repair
durability, the fact that it was used only in PA cases as a bail-
out procedure (in 2 patients) reflects the technical difficulty
and learning curve needed in the minimally invasive
approach.
We observed moderate or severe MR in 18% of patients
in the PA group and 9% of patients in the MS group (P ¼
.11). These results suggest a trend toward a higher percent-
age of residual MR in the PA group, mainly because of
a higher percentage of less optimal late results (MR grade
3) rather than a higher incidence of severe MR (P ¼ .4).
We are concerned by the fact that there are more patients
with grade 3MR in the PA group. However, we are unaware
of existing data regarding the clinical significance and long-
term effect of postrepair moderate MR. Of note, our initial
results of PA in this series are reminiscent of typical mitral
repair success rates with full sternotomy only a decade
ago. All this supports the view that the obstacles of limited
access might be overcome with more experience and refine-
ments in technique.
Other authors have also reported excellent early and
1-year results of MV repair for the minimally invasive
approach.13 However, their study was limited by a 1-year
follow-up without any comparison with an MS group. Our
study demonstrates that minimally invasive repair for iso-
lated posterior MV leaflet pathology can be performed
safely. Early- and long-term clinical outcomes were equiva-
lent to those of the standard MS approach. Echocardio-
graphic results for the minimally invasive group
approached those of the standard MS group.
Our series contains only isolated posterior leaflet flail or
prolapse. It is anticipated that as more experience is gained,
more complex cases (eg, anterior leaflet, bileaflet pathology,
and endocarditis) will be performed using the minimally in-
vasive approach. More complex MV repair in the minimally
invasive approach appears to be safe and feasible. However,
the quality and long-term durability of complex valve repair
has not yet been clearly demonstrated. Patients with com-
plex MV pathology who might be suitable for valve repair
should still be carefully screened before opting for the min-
imally invasive approach.90 The Journal of Thoracic and Cardiovascular SurgeThis study is limited by its relatively small number of pa-
tients, its nonrandomized nature, and its limited follow-up
period.
Selection approach was based on patient preference, sur-
geon preference, or both. Despite the fact that there was no
significant difference between the groups in the type of MV
pathology, there might have been some selection bias, with
the surgeons offering the PA approach more strongly in
cases in which the preoperative echocardiographic results
anticipated an easier repair.
It would be necessary to evaluate a larger cohort of pa-
tients with a longer follow-up period to reach more definite
conclusions regarding the comparability between the 2 ap-
proaches.
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